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TRANSIENT SIGNAL SUPPRESSION CIRCUIT 

This invention relates to a digital means for sensing 
the duration of an input signal. 

Input signals often contain erroneous, undesirable, or 
unuseable information which must be ?ltered. For ex 
ample, when mechanical switches are closed, or 
opened, they tend to “bounce”. The steady state value 
of signals generated by these switches is indeterminate 
for some period of time following the closing or open 
ing of the switches since the signals have a rapidly and 
erratically changing characteristic immediately follow 
ing the closing, or opening, of these switches. Likewise, 
signals generated in a very noisy electrical environment, 
such as that found within, or close to, an automobile 
engine, are subject to transients which alter the steady 
state value of the signals for a brief period of time. If a 
system responds to invalid signals present on an input 
line, erroneous functions may result. Thus, it is desirable 
and/ or necessary that transient, noise or bounce present 
on an input line be ?ltered out of a system before the 
system responds to an erroneous input. 

In a circuit embodying the invention, an input signal 
is coupled to ?rst and second ?ip-?ops. The two ?ip 
flops are clocked at a time t1 and at a subsequent time t2, 
for storing the value (51;) of the input signal at time t1 
in one ?ip-flop and for storing the value (81;) of the 
input signal at time t2, in the other flip-flop. Means are 
coupled between the ?rst and second ?ip-flops and a 
third, set/reset, ?ip-?op for sensing the values (SI1 and 
$17,) of the input signal stored by the ?rst and second 
?ip-?ops and for then either: (a) setting the third flip 
flop to a condition indicative of the value of the input 
signal at times t1 and t; if SI] is equal to 51;; or (b) main 
taining the third ?ip-flop undisturbed in the state to 
which it was set at, or just prior to, t1 if SI1 is not equal 
110 81;. 

Hence, in a circuit embodying the invention, an input 
signal to the circuit is sampled by digital techniques to 
determine its duration. If the signal duration is shorter 
than a predetermined sampling period, T, the signal is 
treated as noise and is ?ltered. If the duration, T5, of the 
input signal spans the period T, it is treated as a valid 
signal and a corresponding output signal is produced at 
the circuit output. 

In the accompanying drawing, like reference charac 
ters denote like components, and 
FIG. 1 is a logic diagram of a circuit embodying the 

invention; 
FIG. 2 is a diagram of waveforms showing the re 

sponse of the circuit of FIG. 1 to various input signal 
conditions; 
FIG. 3 is a logic diagram of a strobing arrangement 

useful with the circuit of FIG. 1; and 
FIG. 4 is a diagram of a type of a clocked flip-flop 

which may be used in the circuit of FIG. 1. 
The circuitry shown in the FIGURES makes use of 

various combinations of logic gates and ?ip-?ops to 
perform logic and storing functions. These are shown 
by way of example only and any other logic gates or 
storage means which can perform the same or equiva 
lent logic functions may be used instead. 

In the discussion to follow it will be convenient to 
discuss operation in Boolean terms. The convention 
arbitrarily adopted is that the most positive voltage used 
in the system represents the binary digit 1 also called 
“high” or “hi” and the least positive voltage represents 
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2 
the binary digit 0 also referred to as “low” or “10”. To 
further simplify the explanation of the circuit operation, 
it will sometimes be stated that a "1” (high or hi) or a 
“0” (low or lo) is applied to a circuit or obtained from 
a circuit rather than stating that a voltage which is 
indicative of a l or O is applied to or derived from a 
circuit; 
The circuit of FIG. 1 includes two clocked-data ?ip 

?ops (ffl and ff2), a two-input AND gate G1, a two 
input NOR gate G2, and a set-reset flip-?op, ff3. Each 
one of ?ip-?ops, ffl and ff2, may be a D-type master~ 
slave flip-flop of the type shown in FIG. 4A. Each one 
of ffl and_ff2 includes a data (D) input, a clock (C1) and 
a clo_ck (Cl) input and two complementary outputs (Q 
and Q). Complementary clock signals f and fare applied 
to the C1 and CI inputs, respectively, of ffl and H2. 
During the “negative” or “low” half-cycle of the f 
clock, transmission gates T1 and T4 are turned-on and 
transmission gates T2 and T3 are turned-off as shown in 
FIG. 4A. The binary value of the input signal applied to 
the D-input is then transferred into the master section, 
while the slave section is isolated from the master sec 
tion and remains set to its previous state. During the 
“positive” or “high" half cycle of the f-clock transmis 
sion gates T1 and T4 are turned-off and gates T2 and T3 
are turned-on. The information previously stored in the 
master section is then transferred to the slave section 
while the master section is isolated from the input signal 
and remains set to its previous state. 
As shown in FIG. 48, a signal (WAVEFORM D) 

present at the data-(D)~input of the ?ip-flop is trans 
ferred into the master portion (WAVEFORM M) of the 
?ip-?op when the f-clock is low and is then stored in, 
and sets, the slave portion (WAVEFORM Q) of the 
flip-flop to a corresponding binary level when the f 
clock goes positive. When I goes positive, the Q output 
assumes a binary value corresponding to the value of 
the input signal applied to the data input just prior to f 
going high, and the Q output assumes a value comple 
mentary to Q. 

Referring back to FIG. 1, an input terminal 11, to 
which is applied an input signal, (SI), is connected to the 
D1 input of ffl. SI may be produced by a switch (not 
shown) or may be any one of a number of input signals 
which may have noise, bounce or jitter on their leading 
and/or trailing edges. Also, SI may change asynchro 
nously with respect to the f-clock applied to ff1 and ff2. 
The output Q1 of ffl is applied to the data input D2 of 
ff2. The outputs Q1 and Q2 are applied to the two inputs 
of AND gate G1 and to the two inputs of NOR gate G2. 
The output, A, of AND gate G1 is connected to the one 
input of H3, arbitrarily designated the set input, and the 
output, B, of NOR gate G2 is connected to another 
input of ff3, arbitrarily designated the reset input. ff3 is 
comprised of two two-input NOR gates, G3 and G4, 
cross-coupled to form a set-reset flip-?op. In the circuit 
of FIG. 1, the output (SD) of gate G4 assumes the same 
binary value as a “valid input signal”; where, a “valid 
input signal”, as discussed below, is a signal which is 
present for two or more positive-going f-clock transi 
tions. The output (8-D) of gate G3 is the inverse of SD. 
Changes in SD and SD occur in synchronism with a 
low-to-high transition of the f-clock. 
The operation of the circuit of FIG. 1 will ?rst be 

outlined with a more detailed analysis to follow. In the 
circuit of FIG. 1, the input signal, S1, is effectively 
sampled on each positive going transistion of the f 
clock. By way of example, assume as shown in FIG. 2, 
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that the f-clock goes positive at times t1 and t2. When 
the f-clock goes positive, Q1 is set to the value (high or 
low) of the signal applied to D1 just prior to the f-clock 
going positive, and Q2 is set to the value (high or low) 

' of the signal applied to D2 just prior to the f-clock 
going positive. Thus, ‘at time t1, Q1 is set to the value 
SI1 of SI just prior to time t1. Then at time t2, Q2 is set 
to the value SI1 while Q1 is set to the value SI; of SI just 
prior to time t;. If S11 is equal to S12, then Q1=Q2 (both 
being high or both being low) and either of the two 
following conditions exists: 

(1) If SI1=SI2=low, then Q1=Q2=low. Conse 
quently, the output A of gate G1 is low while the output 
B of NOR gate G2 is high. The set input to ff3 is then 
low and its reset input is then high whereby SD is set to 
the low level indicative of SI being low at t1 and t2; 

(2) If SI1=SIg:high, then Q1:Q2=high. Conse 
quently, A, the set input, is high and, B, the reset input, 
is low causing SD to be set to the high level indicative 
of SI being high at t1 and t2. 
For either of the two conditions above, the outputs 

(A & B) of gates G1 and G2 place (set or reset) ff3 so 
that SD is equal to the value (high or low) of SI] and 
S12. 

If SI1 is not equal to S12 (because S11 is high and S13 
is low or, vice-versa, because S11 is low and SI; is high) 
then Q1 is not equal to Q2. Consequently, A is low and 
B is low. When A is low and B is low, set/reset ff3 
remains undisturbed in the state to which it was previ 
ously set. Thus, a signal duration must be high or low 
for a sampling period (tl-tg) to be considered a valid 
signal and to be passed to the output (SD or SD) of H3. 
The detailed operation ofthe circuit of FIG. 1 is best 

explained with reference to the waveforms shown in 
FIG. 2. Assume that SI, Q1 and Q2 are low prior to time 
to. Hence, A is low and B is high causing SD to be low 
and S5 to be high. 
Assume that, at time to, SI goes high while f is low. 

Since fis low, the “high” SI-input is stored in the master 
section of ffl but Q1 and Q2 remain low until t1. At time 
t1, the f-clock goes from low-to-high causing Q1 to go 
from low-to-high while Q2 remains low. Consequently, 
A remains low while B goes from high-to-low in re 
sponse to Q1 being high. The set (A) and reset (B) in 
puts to ff3 are now low_,and ff3 remains in its previous 
state, (i.e. SD=low, SD=high). When fgoes low at 
time tlA, the SI=high level is again fed into the master 
section of ffl and the Qlzhigh level is fed into the 
master section of ff2. However, Q1 and Q2 remain high 
and low respectively until time t2. Assume that SI re 
mains high until time t2 when fmakes a second low-to 
high transition. The high levels fed into the master 
sections of ffl and ff2 cause, Q1 to remain high and Q2, 
which was low, to go high. With Q1 and Q2 at the high 
level, A goes high while B, which was low, continues 
low. With_t__he set (A) input high and the reset (B) input 
low, the SD output of H3 is driven low and the SD 
output goes high. Thus, on the second positive-going 
transition of the clock after SI went high, the circuit 
produces a high SD output indicative of SI being high 
for a minimum time interval t1 to t2. 
When SI goes low and stays low for a period that 

spans two sampling pulses (positive-going transitions of 
the clock) SD goes low. Referring to FIG. 2, assume 
that, just prior to time lilo, Q1, Q2, and SI are high and 
that at t10, SI goes low. The SI=low level is coupled 
into ffl during the subsequent negative going clock 
cycle (between tjoA and m) but Q1 does not change 
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4 
until time t11 when f goes positive. Q1 then goes low 
while Q2 remains high. Q1-low causes A to go low, 
while Q2-high causes B to remain low. Hence, the set 
(A) and reset (B) inputs to ff3 are now low causing ff3 
to remain in its previous state whereby SD is high and 
5 is low. Assume that SI which went low at tw re 
mains low until time t12 when f goes high for the second 
time since tlo. Q1 which was low, remains low and Q2, 
which was high, is now driven low. With Q1 and Q2 
low, B is driven high while A remains low. The set (A) 
and reset (B) inputs of ff3 are now low and high, respec 
tively, causing SD and $ to be driven low and high, 
respectively. Thus, the circuit produces a low SD out 
put indicative of SI being low for a minimum span of 
time T which includes two positive-going f-clock tran 
sitions. 
Any signal on the input line which does not have the 

same binary level for two consecutive sampling pulses is 
filtered out of the circuit. Referring to FIG. 2, assume 
that, just prior to time tZQ, Q1, Q2 and SI are low and 
that SI goes high at time I20. SI-high is fed into ffl but 
Q1 remains low until the time t21. At {21 fgoes high (for 
the first time after SI went high) and Q1 then goes high 
while Q2 remains low. B which was high, then goes 
low, while A, which was low, remains low. The set and 
reset inputs to ff3 are now low, whereby ff3 is undis 
turbed with SD and S—D remaining low and high, respec 
tively. Assume that SI decays back to zero at time t33 
prior to fgoing high at time t24. Between Q3 and tn, the 
low SI level is fed into the master section of ffl while 
the high Q1 level was fed into the master section of ff2 
between t2; and tg4. But, Q1 remains high and Q2 re 
mains low until time t34. At t24, f goes high, Q1 is driven 
low, and Q2 is driven high. But, with Q1 low and Q2 
high, A and B remain low and 113 remains in its previous 
condition with SD—low and SD—high. Thus, a posi 
tive-going transient on the input signal line which does 
not span two positive going clock transitions, is filtered 
out of the circuit and the circuit remains set to the state 
it held prior to the transient. 

In a similar manner, a negative going transient signal 
is also ?ltered out of the system. Referring to the wave 
forms of FIG. 2, assume that, just prior to t31, Q1, Q2 
and SI are high and that SI goes low at time t31. For 
these initial conditions, A is high, B is low, SD is high 
and $ is low. When SI goes low at t31 no change oc 
curs in the circuit until time t32 when f goes low. The 
low SI level is then fed into the master section of ffl. 
But, Q1 remains high untiltime t33 when fgoes positive. 
At t33, Q1 goes low while Q2 remains high. When Q1 
goes low, A goes low while B remains low due to Q2 
being high. With A and B low, the outputs of ff3 remain 
in their previous state of SD=high and SDzlow. As 
sume now that the negative going transient decays back 
to the high level such that SI is again high at time t34 
sometime prior to t35 when the f-clock goes high for the 
second time since t3]. Between t34 and t35, the Sl=high 
level is transferred into the master section of ffl while 
Q1=low is fed into the master section of ff2. At time 
t35 when f1 goes positive, Q1 is set high and Q2 is set 
low. With Ql-high and Q2-low, A and B remain low 
and SD and 5 remain set to the conditions they held 
prior to t3| so that SD remains high and SD remains 
low. If SI remains high until time t37 when fagain goes 
positive, Q1 and Q2 will be driven high, A will go high, 
B will remain low while SD remains high and SD re 
mains low. 
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It has thus been shown that a positive or a negative 
transient is ?ltered out of the circuit of FIG. 1. 
The low-to~high transition of SD may be delayed by 

one-half cycle by strobing the AND gate G1 with a 
signal ? as shown in FIG. 3. This delay does not other 
wise signi?cantly alter the operation of the circuit. 
When either one or both Q1 and Q2 are low, the output 
A of the AND gate remains low. When Q1 and Q2 are 
both high, A varies in conjunction with fl. However, as 
noted above, once A goes high (with B low) the ?ip 
flop is set to the SD-high condition. If subsequently A 
alternates (goes repeatedly low and high), SD still re 
mains high (unchanged) as long as B remains low. 

This feature is useful in a system where several input 
lines which are being ?ltered, as shown in FIG. 1, are 
present and where their ?ltered outputs are being com 
bined. It is desirable that no glitch be produced when, 
for example, the SD of one circuit goes from high-to 
low while the SD of another circuit goes from low-to 
high. By delaying the low-to-high transition of SD, the 
glitch problem is eliminated. 
The invention has been illustrated using two clocked 

flip-flops, a set/ reset ?ip-?op, an AND gate, and a 
NOR gate. However, it should be evident that other 
types of flip~?ops and logic gates performing similar 
functions could be used instead. 
What is claimed is: 
1. The combination comprising: 
an input terminal adapted to receive an input signal; 
means comprising ?rst and second ?ip-?ops coupled 

to said input terminal for storing in said second 
flip-flop a signal (S11) corresponding to the value of 
said input signal at a time t1, and for storing in said 
?rst ?ip-?op a signal (S12) corresponding to the 
value of said input signal at a time t2, where t; is 
subsequent to t; and the interval t1 to t; de?nes a 
sampling interval; 

a set/ reset flip ?op; and 
means, coupled between said ?rst and second flip 

flops and said set/reset flip-flop, responsive to the 
signals stored in said ?rst and second flip ?ops for: 
(a) placing said set/reset flip-flop in a condition 
indicative of the value of the input signal stored in 
said ?rst and second ?ip-?ops when S11 is equal to 
81;; and (b) maintaining said set/reset ?ip-flop in 
the condition it had prior to t1 when S11 is not equal 
t0 S12. 

2. The combination as claimed in claim 1 wherein 
each one of said ?rst and second flip~flops includes a 
data input, a data output, and a clock input; 

wherein the data input of said ?rst ?ip-?op is con 
nected to said input terminal, and wherein the data 
output of said ?rst flip-?op is connected to the data 
input of said second flip-flop; and 

wherein sampling signals comprising a clock signal 
are applied to said clock input of said ?rst and 
second ?ip ?ops. 

3. The combination as claimed in claim 2 wherein said 
set/reset flip-?op has a set input, a reset input, and a 
signal output; and 
wherein said means coupled between said ?rst and 

second ?ip flops and said set/ reset flip-flop in 
cludes a ?rst logic gate connected between the data 
outputs of said ?rst and second ?ip-?op and said 
set/reset, and a second logic gate connected be 
tween the data outputs of said ?rst and second 
flip-flop and said set/ reset input. 
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6 
4. The combination as claimed in claim 3 wherein one 

of said ?rst and second logic gates includes means re 
sponsive to a strobin g signal for controlling the point in 
time when the output of said one of said ?rst and second 
logic gates places the set/reset flip-flop to a desired 
condition. 

5. The combination comprising: 
an input terminal adapted to receive an input signal; 
?rst and second clocked masteraslave ?ip~flops, each 

?ip-?op having a data input, a data output, and a 
clock input; 

means connecting said input terminal to said data 
input of said ?rst flip ?op; 

means connecting said data output of said ?rst ?ip 
flop to said data input of said second ?ip-flop; 

means for applying sampling signals to said clock 
inputs of said ?rst and second flip-flops; 

a set/reset ?ip-flop having a set input, a reset input, 
and a signal output; 

comparing means, connected between said data out’ 
puts of said ?rst and second ?ip-?ops and the set 
and reset inputs of said set/reset ?ip-?op respon 
sive to the binary values of said data outputs for 
placing said set/reset ?ip-?op in the set condition 
when the data outputs of said ?rst and second flip 
flops are at the same one binary level and placing 
the set/reset ?ip-?op in the reset condition when 
the data outputs of said ?rst and second flip-?ops 
are at the same, other binary level, and for main 
taining said set/ reset ?ip-?op undisturbed when 
the binary values at the data outputs of said ?rst 
and second flip-?ops are not the same. 

6. The combination as claimed in claim 5 wherein 
each one of said ?rst and second ?ip-?ops is responsive 
to a ?rst phase of said sampling signals applied to its 
clock input for transferring information from its data 
input into its master section and to a second phase of 
said sampling signals for transferring the information 
from its master section to its slave section and, to its data 
input. 

7. The combination as claimed in claim 6 wherein said 
comparing means includes a ?rst logic gate connected 
between said data outputs of said ?rst and second flip 
flops and said set input for providing an AND type 
function; and a second logic gate connected between 
said data outputs of said ?rst and second flip-?ops and 
said reset-input for producing a NOR type function. 

8. A circuit for producing an output signal of ?rst 
signi?cance in response to an input signal having a ?rst 
value for a period greater than T and for producing an 
output signal of second signi?cance in response to an 
input signal having a second value for period greater 
than T, where said period T is de?ned by the occur 
rence of a ?rst sampling signal at time t1 followed by a 
second sampling signal at time t2, comprising: 

?rst and second ?ip-?ops, each ?ip-?op having a data 
input, a clock input, and an output terminal; 

means for applying said input signal to the data input 
of said ?rst flip-flop; 

means coupling the data input of said second flip-flop 
to the data output of said ?rst flip~flop; 

means for applying sampling signals to the clock 
inputs of said ?rst and second ?ip-flops at time t1 
and subsequently at time t2 for storing the value of 
the input signal at time t1 in one of said ?rst and 
second ?ip-?ops and for storing the value of the 
input signal at time t; in the other one of said ?rst 
and second ?ip-?ops; 
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a set/reset ?ip-?op having a set-input, a reset-input, 
and at least one output terminal; and 

means, coupled between the output terminals of said 
?rst and second ?ip-?ops and the set and reset 
inputs of said set/reset ?ip-?ops, responsive to the 
contents stored in said ?rst and second ?ip-flop for 
either: (a) placing said set/reset ?ip-?op in the set 
state or in the reset state corresponding to the input 

5 

25 

35 

45 

55 

60 

65 

8 
signal being at said ?rst value or at said second 
value for the interval t1-to-t2; or (b) maintaining the 
state of the set/reset ?ip-?op undisturbed when the 
input signal at t; has a different value than at t1. 

9. The combination as claimed in claim 1 wherein said 
sampling interval is a ?xed period. 

* * * 4‘ * 
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